Placental Gas Exchange and the Oxygen Supply to the Fetus.
The oxygen supply of the fetus depends on the blood oxygen content and flow rate in the uterine and umbilical arteries and the diffusing capacity of the placenta. Oxygen consumption by the placenta is a significant factor and a potential limitation on availability to the fetus. The relevance of these several factors as well as responses to acute or sustained hypoxia has been explored in the sheep model. In addition, much has been learned in the context of hypobaric hypoxia by studying human populations that have resided at high altitude for varying periods of time. Embryonic development occurs under anaerobic conditions and even the fetus is adapted to a low oxygen environment. Nevertheless, there is a reserve capacity, and during acute hypoxia the fetus can counter a 50% reduction in oxygen delivery by increasing fractional extraction. During sustained hypoxia, on the other hand, fetal growth is slowed, although oxygen consumption is unaltered when corrected for fetal mass. Similarly, birth weight is reduced in humans living at high altitude even if the effect is tempered in those with a long highland ancestry. Placental mass changes little during sustained hypoxia in sheep or humans at high altitude. This conceals the fact that there are structural changes and that placental oxygen consumption is reduced. The underlying mechanisms are a current focus of research. One intriguing possibility is that increased anaerobic metabolism of glucose in the placenta spares oxygen for the fetus but reduces its supply of substrate and thereby limits fetal growth.